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CONFIDENTIAL 



This report i.S' submitted to the National Aeronautics and Space 
Administration's Manned Spacecraft Center (MSC) by the Douglas 
Aircraft Company. The report was prepared under Contract 
No. NAS9-6798 and describes the results of the Study to Eval- 
uate the Usefulness of the MOL to Accomplish Early NASA 
Mission Objectives, which was performed during the period of 
20 February to 4 October 1967, The purpose of this study has 
been to establish, the feasibility of adapting and extending the 
USAF Manned Orbital Laboratory (MOL) to a 1-year space station. 

The final report consists of two volumes; these are Volume I, 
Summary, Douglas Report No. DAC-58060 and Volume If, Tech- 
nical, DAC^5806i. Furthermore, Volume H, because of its size, 
was divided into Books 1, 2, and 3, all of which carry the same 
Volume II report number. The Appendix (Douglas Report 
No. PAC-580f)2) contains data of a higher classification than the 
report; therefore, its distribution will be limited and. controlled 
by MSC. 

The results of the Phas,e I,. MOL System Definition, have been 
previously published in separate reports (Volumes 1 through 8, 
DAC- 58013 through DAC- 58020) and are not repeated in this 

Requests for further information concerning this report will be 
welcomed, by the following: 

*■ Ver.n Kirklahd 

Program Manager 

Space Stations' 

Douglas Aircraft Company 

Huntington Beach, California 

Telephone: 71.4^897-0311, Extension 4756. 

• Edward K. Oiling 

Earth Orbital Missions Office 

National Aeronautics and Space Administration 

Manned Spacecraft. Center 

Houston, Texas 

Telephone; 713,483-4966 
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Section 1 
INTRODUCTION 



The nation's manned spaceflight program has progressed through a series of 
missions beginning with the Mercury program, followed by the Gemini pro- 
gram and through the early phases of the on-going Apollo program. Defini- 
tion of subsequent manned spaceflight activities is currently underway. All 
feasible alternatives will be studied in the definition task to ensure meaning- 
ful and cost-effective mission/ system choices. 



During the past several years, NASA has studied a number o£ candidate sys- 
tem concepts for the long -duration, Earth-orbital missions. These concepts, 
typified by MORL, LORL, and modular space -station approaches, derived 
their background primarily from Saturn/ Apollo equipment. More recent 
efforts have emphasized definition of an Apollo Applications Program using 
potentially excess Saturn/ Apollo hardware from the lunar program. 

A fruului alternative to this early, or interim, Earth-orbital mission would 
consider the use of the Air Force MOL, which is conceived and designed as 
an Earth-orbital experimental vehicle. This approach recognized by both 
the NASA and the President's Scientific Advisory Committee (PSAC) led NASA 
to undertake this limited investigation of the utility and feasibility of using 
MOL derivatives to perform early NASA missions. This report summarizes 
the results of a feasibility study of the NASA usage of MOL which was con- 
ducted by the Douglas Aircraft Company under contract to Manned Spacecraft 
Center (MSC). 

The evaluation of the usefulness of MOL to accomplish the early NASA mis- 
sion objectives asks three basic questions: (1) Could the MOL with relatively 
minor modifications perform the NASA I -year biomedical/behavioral 
assessment of man and his capabilities in a sero-g/space environment? 
{2} Could the same niodified MOL vehicles in addition to accomplishing the 
biomedical/behavioral assessment provide the facility for a broad spectrum 
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. .of engineeTiiig ; :and3cienti£ic.iexperiments? .{3.} Could such a program be. 
'accomplished at 'ait early date, without interfering with, the basic MOL and 
Saturn/ Apollo programs'? 

Althougfcno ^ASA-appro>ed^biOmedicd/behavioral program: .exists at this 
time, t)ouglas has designed-a representative program to accomplish the first 
objective; this program : has been reviewed by the various NASA agencies and 
is recognized as a reasonable approach to the problem with adequate depth to 
ensure compatibility with the final program selection. The equipment 
required for this activity has been conceptually designed, and in some cases 
breadboarded, and integrated into the NASA/MOL conceptual design. 

To assess the capability of MOL to accomplish a broad spectrum of engineer- 
ing and scientific experiments, use was made of NASA's most recent experi- 
meni .data bank developed in the S-IVB station module study. The major space 
■ statioa resources available (weight, volume, power, crew skills, and crew 
time availability} permit accommodation of almost any experiment considered 
singly,, 35%-oi fee heaviest experiments or up to 80% of the data bank experi- 
.mentatipn could Ire accomplished in a one-year NASA/MOL typt mission. 

Because the MOL production line was designed for an appreciably higher rate 
pf activity than is currently planned by the Air Force, i 1 . is possible to procure 
the requisite MOL. hardware and/modify it within the requested time scale; 
■this -'can- be done at a very moderate cost in new facilities and equipment, most 
of which will be related to the experiment program rather than to the mission 
vehicle. 

In summary then, it is concluded that use of MOL-derWed hardware is con- 
ceptually feasible and cost effective in accomplishing early NASA objectives, 
The program would be primarily dependent on two external circumstances: 
(1). timely program implementation decisions, and (2) availability of appro- 
priate experiment hardware. 



CONFIDENTIAL 



CONFIDENTIAL.,. 



■ f - Section 2 

STUDY PLAN 

The subject study, which was begun in February 1967, was conducted in two 
phases; the purpose of the first phase was to provide NASA with a definition 
of the basic MOL system and an understanding of the design and limitations 
of the subsystems involved. These data were then used to evolve appropriate 
design for a 1-year space station. Results of this phase of the efforts were 
published in an earlier report consisting of eight volumes; these volumes 
included DAC-58013 through BAC-58020, May 1967. 

Pease E of the study effort studied a requirements analysis and space-station 
configuration development task early in the program. During this effort ten 
space -station configurations were evolved and evaluated to the defined 
requirements; these configurations were evaluated jointly with NASA at the 
end of Phase I and two configurations were selected for detailed analysis. A 
cursory examination of the applicability of MOL subsystems to space station 
utilizing the Mission Core Module (engine room). concept was also undertaken. 
Finally, an assessment of the responsiveness of the developed configurations 
to performance of NASA experiment program defined in theS-IVB support mod- 
ule stiidywas conducted. The results of this effort are reported in this volume 
and the accompanying DGuglas report, Volume II, DAC-58061, October 1967. 

2.1 BASELINE MOL 

The basic MOL vehicle is illustrated in Figure 2-1. Gemini B is used to trans- 
port the two-man crew into space and to provide return at the end of the mission, is 
launched on top of an impressurized compartment that contains the MOL fuel 
cell power system, the EC/LS system expendable?, the reaction control system 
arid propellant package, and the cryogenics necessary for the mission for both 
the power system andbreathing usage. A transfer tunnel is provided through this 
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.- u ,?P£l s .^rized compartment to allow the crew to move from the Gemini to 
the MQL .laboratory- compartment ; after attainmenVof orbit, ■ .- Wheiithexf ew^ ■-. 
transfers from the Gemini, it is put in a standby mode where it is maintained 
a power and at approximately 0. 1 psi until the erjd of the mission. 



The pressurized laboratory compartment is 14 ft in length and provides crew 
quarters for the duration of the Air Force mission. This compartment also 
contains the space station operational controls, the consoles, and the control 
equipment for the experimental program and provides the necessary crew 
support equipment for exercise, crew hygiene, eating, and sleeping facilities* 
Emergency EVA from this compartment is provided through a hatch in the 
pressure compartment; this hatch allows the crew to exit from the laboratory 
and re-enter the Gemini through the side access door in event of internal tun- 



The segment of the vehicle between the pressurised compartment and the 
Titan ni-M launch vehicle is the mission module which contains Air Force 
experiment equipment. In the basic MOL, neither the forward unpressur- 
ized subsystem compartment nor the mission module are accessible to the 
crew for maintenance or support activities. 

2.2 MISSION REQUIREMENTS 

Table 2»1 presents a comparison of the mission requirements for the NASA/ 
MOL operation compared to those of the basic Air Force mission. The three 
requirements which had the most impect on this study were (1) the 1971 launch 
date which established a minimum -change philosophy for subsystem selection 
and vehicle design, (2) the change in mission duration from 30 days to 1 year, 
and (3) the expansion of the crew size from 2 to 4 or 6 men. 



In line with the minimum -change philosophy, many desirable improvements 
which could have been incorporated were rejected if they were not 
essential to mission success; sufficient launch vehicle payload existed to 
accomplish a significant portion of the total NASA objectives allowing a 
majority of this class of improvements to be carried as alternatives. The 
mission duration required that special emphasis be put on subsystem reliapil- 
irovisjons for in-orbit repair and maintenance. Since the 
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■subsystem ■.eqiupmept-repackagiiig-, 
was ieqi^redin'adi^tiOii'tQreduri^ 
dancy within the inaccessible 



Other requirements of special inti 
est were the KSC launch ana com- 
patibility of the' vehicle with the 
NASA MSFN.and Houston opera- 
tional facilities, 



I. 3 CONFIGURATION SELECTION 



Of the ten potential MOL and MOL/ Saturn. Hardware configurations which 
' were identified and briefly evaluated, three were chosenlor further effort; 
these three configurations are indicated in Figure l-i. The Double MOL 
configuration, consists oltwo basic MOL vehicles .suitably mpdifie.d to per- 
forin^the- required mission utilising a four tman crew. These vehicles are 
docked eiid-to-enfi in orbit and resupply of 6i\t of the vehicles at a & -month 
interval is provided. It is the simplest, cheapest and lowest risk 
configuration. 

The Saturn Workshop/MOL configuration combines an advanced spent-stage 



workshop, derived from the Apollo Applications F 
cepts, with three MOL's suitably modified for i 



i (AAP) cluster con 
i accomplishment. 



It has a sixi-man crew and provides appreciably larger pressurized 
volume arid: flexibility than the Double MOL; it is as a consequence 
more expensive. 

The Mission Core- Module configuration, based on MSC's engine room con- 
cept, .uses the basic module design under study by General Dynamics; this 
module is outfitted with MOL components insofar as possible. Analysis of 
this .concept was limited to the applicability of MOL systems to this design; 
however, in order to assess its capability it was necessary to synthesize 
the iiypical orbital configuration indicated. 
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Figure 1-t ConiiguraliHi Siramarj 



^' ^" * double MOL Configuration/Mission 

The Double MOL mission profile is depicted in figure 2-3. A suitably mod- 
ified MOL which we have designated as the Laboratory Vehicle is launched 
into a 195-nmi, 2-day subsynchronous circular orbit by the Titan IH-M 
booster. This is accomplished using an apogee circularization technique to 
transfer the vehicle from an 80 by 195 nmi elliptical orbit to the final circu- 
lar orbit; it allows a 7, 000-lb payload increase over that available with 
direct burn into Orbit. 



After a nominal 2 -day period corresponding to the subsynchronous orbit 
retrace, a second MOL vehicle, designated the Support Vehicle, is launched 
into a 100 -nmi circular phasing orbit; it is then transferred to 185 -nmi 
catch-up orbit from which it rendezvous and docks to the Laboratory Vehicle 
in the 195 -nmi final orbit. This Support Vehicle contains the majority of the 
supplies and expendables necessary to maintain both vehicles in orbit for a 
period of 6 months. Both launches are accomplished with a manned Gemini B 
ferry vehicle as part of the payload, thus providing the Double MOL orbital 
vehicle with a four-man crew. 
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Figure 2-3. lyiisiOfiPidile-OMblBMQL 



At the end of the initial 6-month period the Support Vehicle supplies are 
nominally exhausted and a second similarly configured Support Vehicle i 
launched; it may, however, be outfitted with a new or modified experime 
package. Prior to rendezvous of the now Support Vehicle with the 1 
Vehicle the initial Support Vehicle is undecked and flies formation with, the 
Laboratory Vehicle. Subsequent to docking of the newly orbited Support 
Vehicle with the Laboratory Vehicle, crew transfer may be accomplished. 
Thus, the newly orbited crew may remain with the laboratory allowing the 
return of two of the original crew members to Earth or they may return to 
£ar:h immediatelv; in any event, the original Gemini would be used to return 
two astronauts to Earth and the new Gemini would remain in orbit. Subsequent 
to-the Gemini re-entry, the initial Support Vehicle would be deorbited into the 



Upon conclusion of 1 -year mission the four crew members would re-enter 
the two Gemini B vehicles remaining in orbit for return to Earth and the Lab- 
oratory and Support Vehicles would be deorbited into the deep ocean. 
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Consideration has been--given to the potential of extending the mission 
beyond the original 1-year period by supplying a third Support Vehicle; 
preliminary reliability assessment indicates significant probability of success 
for such a mission extension and it should be seriously considered by NASA if 
the proposed MOL mission is implemented. 



The MOL Laboratory Vehicle illustrated in Figure 2-4 retains the external 
geometry and dimensions of the baseline MOL, In the forward unpressurized 
compartment, fuel cells and storage for the associated cryogenics have been 
removed, A sufficient supply of oxygen and nitrogen is provided to give the 
Laboratory Vehicle the capability of operating in orbit without the Support 
Vehicle for 20 days, 

A forward -facing, 100-lb thrustcr has been added to each of the 4 propulsion 
modules to provide aft translation capability and an additional set of pro- 
pulsion fuel, oxidizer, and pressurant tanks are included. 

In the pressurized compartment the internal birdcage equipment support 
structure has been retained for mounting of all equipment. The Air Force 
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.MseiOnvequipmerits and controls have been.removed'iro^tMs:..subDOrt . . 
struchjre and replaced by NASA,-expi_riment:packages'and ! contfbiRmhd , a'n ■ 
integrated biomedical/behavioral package, Control of the orbital config- 
uration is accomplished froni this station. Provisions in "this vehicle for 
eating, sleeping, and hygiene are used ody during the first 20 days of the 
mission; these functions are supplied in the Support Vehicle for the long- 
duration stay time. An experiment airlock has been installed over the EVA 
hatch in a manner which does not eliminate this capability; this airlock per- 
mits small experiment packages to be handled externally with the aid of an 
experiment boom thus minimizing EVA requirements. Typically, cameras, 
small sensory packages, and test samples could be handled through this air- 
lock in support of the e 



The unpressur.ized mission module will he provided to the NASA program as an 
empty structure. Ithasbeenoutfittedto contain thenew solar panel/battery power 
system, remotely operable experiment equipment, crew transfer provisions, 
EVA airlock, and minimal stores and supplies. The aft crew transfer tunnel 
connects the pressurized compartment to the aft airlock which provides 
access to the experiment volume and through the docking structure tc. the 
Support Vehicle. It is located off-center to .provide a maximum; packaging 
volume for experiments and makes use of lengths of tunnel structure common 
to that through the forward unpressurized compartment in the baseline MOL. 

An experiment sensor beam is provided to mount Earth-centered sensors, 
such as radar, IR, and microwave radiometers- The beam is located off- 
center and rotated 90° to permit installation of sensors on the ground. Sub- 
sequent to the boost phase, an experiment access door is removed exposing 
the beam which is rotated 90° to point the sensors outward; the beam can 
subsequently be returned to its original position for replacement or service 
of the sensors. 

A new large-diameter docking mechanism is located on the aft of the vehicle 
and mates with an identical unit on the aft end of the Support Vehicle; the 
necessaT.y change in separation plane between the mission module and 
Titan IIItM is also indicated in Figure Z-4. Emergency, one-man, escape 
capsules which were supplied conceptually by MSC. are mounted in the pro- 
trusions Shown on the aft section of the mission module. 



* •The solarffcll/ battery electrical power system. isJ^^aLyJ^tally nay* sub-^ 
system aboard the NASA MOL; its .chir.a.ct«ffistic8-ar.e ■shown-in. Figure 2-5. 
Rollout drutus were Selected over a Iked array because of packaging, weight, 
and cost considerations. Two-axis gimballing, utilizing dual-drive motors 
on common gears, provides redundancy and high reliability for 1-year of 
Operation, 

The Support Vehicle shown in Figure 2-6 is also identical to the baseline MOL 
in external geometry. The forward unpressurized compartment houses the 

■~-'"~ additional propellant tankage to per- 

form the rendezvous and docking 
operations as well as attitude con- 
trol functions for the orbital con- 
figuration, A total of nine sets of 
propellant tanks are required for 
these t-perations. 

The pressurized compartment con- 
tains living quarters for the four 
crew members. Private sleeping 
compartments are provided along 




Figure 2-5. SokPaffil/8&eiyPoviH$?$teci 




Fi£M 14. Doable MQUuppwl Vehicle 
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witha.gilleypyalHpoom, andTiygien'e facilities. Amiiummiif hardwall 
construction is used in conjunction with a birdcage structure which contains 
provisions for connecting the softwalls used to divide the volume as desired. 
Of the approximately 1, 000 cu ft volume available, 500 cu ft (one-half) is 
devoted to the private sleeping Compartments, 

The crew quarters in conjunction with the operational compartment in the 
Laboratory Vehicle provide a two- compartment emergency capability for the 
MOL station; in event of an emergency in either compartment the entire 
crew can inhabit the other compartments while the damage is assessed and/ 
or repairs are made or until an abort decision is reached. Duplicate labor- 
atory controls and adequate EC/LS capability are provided to support station 
operation from eitheT of these compartments, 

The mission module configuration is similar to that of the Laboratory Vehicle. 
The aft airlock, however, provides the added function of being an aft-docking 
control station. One crewman transfers there from the Gemini during the 
rendezvous maneuver and controls the docking maneuver. The Stores con- 
tained in the mission module consist of cryogenicaliy stored oxygen and 
nitrogen for the atmosphere, food, water, and experiments. Removal of the 
fuel cells and, therefore, the water supply from the baseline MOL requires 
that aE the crew's water be Orbited with this vehicle; 80% of this water is 
brought up in tanks and 20% in the form of wet food. 

Experiments are provided as prepackaged equipment and may include one or 
more large modules. A 38-in. GEP-type telescope module is illustrated; 
manned access to the telescope is through a tunnel extension of the aft air- 
lock, permitting changing of film pack and some maintenance in a shirtsleeve 
environment. The telescope is deployed on a boom and operates semi- 
/ from the vehicle. 



Key modifications to the Air Force MOL required to satisfy the mission 
objectives in their approximate order of importance are as follows: 

1. The solar panel battery electrical power system which has a major 
impact On the development program is a program -pacing item On 
the critical path. 
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- program -pacing item. If NASA accomplishes tneirpre'sfenTpl; 
to develop such Systems for AAP, they will be directly a] 
to this mission. 

3. The rear-end docking system is a new design, but is not conside 
a major development risk. 

4. Substitution of Apollo communications equipment is required for 
compatibility with the MSFN. Modified Apollo equipment will 
satisfy the mission requirements. 

5. The ACTS/PROP, system requires added thrusters and tankage, 
lifetime extensions beyond ! ~year will require propellant manag 
meat to avoid stress corrosion problems. 



2.3.2 Saturn Workshop/MOL Configuration/ Mission 

A mission profile for the Saturn Workshop/MOL configuration is indicated i; 
Figure 2-7; it combines two suitably modified MOL vehicles with advance 
spent-stage workshop. 



The advance Spent-stage workshop, including an airlock and multiple docking 
adapter, is put into orbit by a Saturn IB vehicle using the apogee cir cularization 
technique previously discussed. It goes into o^bit unmanned but with a pay- 
load o£ expendables to support subsequent MOL crews; it also contains the 
solar panel/battery power system capable of supplying the MOL's which will 
subsequently dock with It, 




Figure 2-J. Mission Profile - Salwn Mstifli),: 
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i^Dafceriiibaequent laurtcbe&.of modified MOL vehiclee are accomplished by „ _ 
Titan IH-M boosters; each of these launches is manned carrying a crew of 
two men in the Gemini B, a moderate supply of expendables, and an extensive 
experiment package. After rendezvous of the four vehicles, the indicated 
orbital configuration has the capability of remaining in orbit for the entire 
1-year period. At the end of the mission the 6-man crew returns home in 
the three Gemini B's. 



The Saturn Workshop/MOL configuration (Figure 2-8) uses a spent-stage 
workshop which is a growth version of that used for the AAP cluster mission 
and is capable of extended stay in Earth orbit. The solar panel installation 
indicated at the rear o£ the vehicle and the interior floors are major struc- 
tural facilities which are launched in the wet stage. Outfitting of this stage 
for crew usage and/or experimental functions is required by the astronauts 
the workshop. 




figure 2-B. Saturn tekshop/iOL 
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t .The aitlock/^^en^Me^torage systemshown at the front end of the tank 
provides access to the spent stage and contains expendables for the year'; 
mission; tankage is provided for cryogenics, water, and propellants. The 
multiple docking adapter, shown on top of the airlock, provides th« presently 
designed Apollo-type docking facilities to the MOL, which have rear-end 
Apollo type docking gear. 

The three MOL laboratories docked to the workshop have a configuration 
similar to the Double MOL Laboratory Vehicle. They provide combined 
ope rational/ experimental controls with minimal crew support quarters in the 
basic MOL pressurized compartment. __The crew has access to the workshop 
for sleeping, hygiene, exercise, relaxation, and large-volume 
experimentation. 

Each MOL laboratory is laimched with its own experimental payload and with 
a crew trained specifically for those experiments. The power and cryogenic 
EC/LS are supplied by the workshop; thus, only batteries for minimal pov er 
and drinking water are carried aboard the MOL. 

Shirtsleeve access is available at all times between the three MOL's with the 
airlock being used as a safety bulkhead to the workshop; thus, two- 
compartmer.£ safety is provided with the worktop considered as One com- 
partment and the three MOL's plus the docking adapter the second compart- 
ment. Significant potential flexibility is attainable with the Saturn Workshop/ 
MOL configuration by operating one of the MOL's in a deployed mode for a 
critical experimentation. Advantages to be gained from this mode which is 
shown in Figure 2-9 include (1) isolation from the disturbances of the main 
laboratory, {2} isolation from the electromagnetic radiation of the main 
laboratory, (3) isolation from the potential efflux field of the main laboratory 
caused water ar.d EC/LS dsmpage and leakage and propulsion system opera- 
tion, and (4} the availability of orientations which would be more expensive 
to acquire using the main laboratory, 

The MOL vehicle design includts adequate battery -supplied electrical 
power and ECS storage for approximately 24-hour operation in this deployed 







Fi£ute2-9. Independent Operation? 



Further flexibility can be provided by the Workshop/MOL through replace- 
ment of any MOL with one containing either a new experimental program, or 



2, 3. 3 Mission Core Module Cor.fi gu ration 

While investigations on the Mission Core Module were not carried to the 
same depth a$ the configurations previously discussed, an orbital configur- 
ation was derived to assist in assessing this approach, The basic core 
module, or engine room (Figure 2-10) is li>Q in. in diam, contains the MOL 
subsystem and subsystem component hardware equipment, and provides the 
basic operational control .ind crew living quartern It is powered by 3 solar 
panel/battery electrical power system ar.d contains atmospheric and pro- 
pellent stores in an extern.-; rack. A six -nun crvu is brought aboard by 
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EXPERIMENT BEAM- 
APOLLO DOCKING PORT— f|^J: 
Figure 2-ifl- fflissim Core Ifofofe - Inhoard 



two Apollo CSM vehicles which are docked » tee s;ation. The second 
module provides the docking equipment ar.d contains the crew quarters. It 
is separated from the core module by an airlock and thus provides the 
second compartment safety for this configuration, initial launch of the space 
station is accomplished with the Saturn V launch vehicle with sufficient 
expendables for the duration of the I -year mission. 

A section through the Mission Core Module (MCM) is shown in Figure 2-11. 
The basic features identified with the MCM (center access, flat bulkheads 
with tension ties, and accessibility to all equipment) are retained. For the 
MOL application equipment packaging associated with the MOL birdcage 
structure was retained wherever possible. The equipment panels And racks 
are offset from the wails providing access for meteroid inspection. Since 
the selected orbit does not impose a radiation problem, this approach is 
acceptable. Compartmentation then is possible u>.in^ the equipment struc- 
ture as a wall. Provisions fo>- a liquki/m;cro-bio compartment (-.vet lab), 
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EXPERIMENT OPERATIONS' 
STATION 
OPERATIONS 



WASTE HGHT COMPARTMENT- 

fame Hi. Mission CMeRWtfo 




an isolated ward, film-processing compartment, and the waste management 
compartment are provided. Retention of a central control station for station 
operations is also provided. 



In reviewing MOL equipment for the applicability to the MCM, emphasis w 
placed on identifying major subsystem elements rather than on a componei 
level. The major applicable items are listed below, 
I. EC/LS 

Waste management. 
Contaminant control. 
Humidity and temperature control. 
Thermal control unit. 
Regulated oxygen Supply. 



Ventilation system components. 
RCS--AU components. 
Crew System --Selective equipment. 
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C. Interface and display electronics. 

D. Monitor and switching assembly. 
Vehicle Electronics--Data management. 
Electrical Poffer and Structures—None, 



I. 4 REQUIREMENTS ANALYSIS 

In selecting the orbit parameters for the NASA mission, cognisance was 
taken of the fact that the biomedical/behavioral program is insensitive to 
orbital altitude and inclination and that a due East launch from KSC would 
produce the largest discretionary payload. This was balanced by the desire 
of experimenters to include broad Earth coverage, and hence, a high incli- 
nation, Figure l-\l depicts the loss of payload resulting from various 
inclinations achievable from a KSC launch; the width of these curves include 
the Titan IH-M, the uprated Saturn I, and the Saturn V launch vehicles. 
Range safety constraints limit in-plane launches to less than 50°. 

Higher inclinations require doglegging at a considerable expense. A polar 
orbit may also be achieved by launch on a 146° azimuth with a dogleg to the 
west and south; this trajectory overflies Cuba and Panama. 

A 50° inclination orbit with payload degradation of 3 to 6% (depending on the 
launch vehicle) was considered a reasonable penalty to pay for the added 

— Earth coverage and was selected 

for this mission. 




re MI. Effect of OAK Inclination 



Figure 2-13 presents the payload 
capabilities of the Titan III-M and 
the uprated Saturn 1 for both direct 
ascent and apogee injection. A 
payload advantage of 6, 800 lb is 
gained for altitudes near 200 nmi 
by use of the apogee injection 
technique. Since investigation 
indicated that the MOL propulsion 
system is capable of accomplishing 
this maneuver without modification, 
apogee injection was chosen for 
this mission, 
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Altitude selection was accomplished 
considering the total number of 
launches involved in the mission. 
Figure 2-14 presents the total use- 
ful payloads {payload minus pro- 
pellant) available at various alti- 
tudes within the range of interest. 
Since propellant requirements for 
attitude control and orbit keeping 
are greater at lower altitudes, the 
curves tend to be flat over a broad 
range apd an optimum altitude is 
not easily identifiable. Considera- 
tion of secondary benefits are thus in order. Requirements for rendezvous 
and experimental benefits from repeatable traces point to subsynchronoqs 
altitudes. At approximately Z75 nmi, a circular orbit at 50° inclination 
repeats its ground trace daily. At 164 nmi and 218 ami, the period is 
every 3 days; a 195-nmi orbit provides a 2-day subsynchronous altitude. 




Figure M3. Launch Vehicle Pqlorf Capability 



The 275-nmi orbit is eliminated because it requires requalification of the 
Gemini B heat shield and produces a more-severe radiation environment; tt 
164-nmi orbit requires about 3, 000 lb more RCS propellant over a year's 
mission than the 195-nmi orbit and is also rejected. The selected orbital 
parameters for the mission are 



195 r 
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Figure 2-14. Altitude Optimization 
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For the selected orbit, 
of the environment requirements and 
the capabilities afforded by th; base- 
line MOL without structural modifi- 
cation are presented in Table l-l. 
it can be seen that the basic struc- 
ture offers sufficient protection 



from the r 






meet NASA criteria and that the 
radiation levels experienced insic 
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tude lower than the allowables. ' ' '" 

Thermal control requirements are 
also met with the baseline EC/LS 
radiator design. 

accomplishment is the ability of 

the MOL equipment to Operate 

satisfactorily over the \ -year 

mission. Basic MOL subsystem 

data were obtained along with data 
was given to design changes and their 
? cases, reliability was improved 

se of reliability 



on spares optimization. Consideration 

effect on Subsystem reliability, in sorr. 

through the addition of further redundancy; in othei 

was experienced. The resultant vehicle reliabilities are indicated in 

Figure 2-15 which presents the mission logic model for the Double MOL. 

One backup vehicle is provided for the Laboratory Vehicle and one for th 

Support Vehicle. A mission success probability of 0. 923 is indicated for 



ig the biomedical behavioral program. The 0. 97$ mission sun 
;y indicates the expected ability of the Double MOL tc continue 
or 1 year even though failures are experienced and the experi- 
■jectives may be compromised. These results provide confide! 
sign approach. 



2.5 EXPERIMENT RESPONSIVE- 
NESS ANALYSIS 

that the S-IVB station module 



expen 






Flirt MS. Mission Swess Piobalitlily - Double MOL 



pared by Douglas for MSFC v 
be used to assess the respom 
nessofthe MOL derived spa< 
stations. This program i< $t 
marized by major category 



. Table 
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Military Uses of Space: 1946-1991 



Chadwyck-Healey Inc., 1101 King Street, Alexandria, Virginia 22314 

Military Uses of Space; 1946-1991 provjdesadetaiied record of !ne strategic importance of theU.$, 



:. Materials were identified, obtained, assembled, arid indexed by the National 
Security Archive, a non-profit. Washington. D,C based research ins(ltuie and library- The microffche 

collection is accompanied by Military Uses of Space; 1946-1991 Guide and Index. 

Arrangement of information on the Microfiche: 

The documents am arranged in chronological order. A unique identification number is assigned to 

each document. Each new document begins a new line on (he microfiche. 

Document Quality: 

Thequalityof the original material varies. lnthecaseofeachctocijment.Ciiadwyck-Heeieyifc.has 

limed the best copy made available by the National Security Archive. 

Microfiche Numbering; 

The unique identification numbers assigned to the documents 

of the m 



Technical Data: 

Producing Labcistcry; Chaowyck-Heatey ire. 

OateoiPubiicstionoiMicrafichgEditm: 1691 

Format; 49 frame, 1 PSmm x I4$mm silver ha&fe roJcrofKhe, 24x i* 




Document Quality: 

Through theuse of the Freedom of Information Ad and an extensive network of government, media, 
and academic contacts, the National Security Archive has developed this varied collection of primary 
materials- Just as the type of materials included varies, so does the quality of each document. 

The National Security Archive has made every effort toprovide Chadwyck-Healey inc. with the best 
quality, most complete copy available of each document, Chadwyck-Healey Inc. has faithfully 
reproduced on microfiche exactly what was provided by the National Security Archive. 

Many of ihedocumentsincluded in this publication werepreviously classified bytfieU.S. Government 
and even when declassified, sections or pages may be obliterated by the government due to the 
potentially sensitive information contained in them. 

The variety of material reproduced in this publication includes photocopies or poor carbon copies of 
cables, memoranda, inseHgence reports, briefing papers, Congressionai reports, official letters, and 
press reports. This variety can present diffknsEiesof RnagesixJcontf3st\v1}ichthe most carefulltEmfng 



<i been produced to the finest quality and ccnfomt to AJIM. BSI and ANSI standards. 
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MV8S8EXPE3IMTS 


,^^ ( ^Because bioM^ca^^^yioral^^ 
assessment of man was the primary 
" '" objective of the defined HOh 


rrn 


„ mission, special emphasis was 
" placed in this area. In lieu of an 


WMKOM. ! 


a approved NASA biomedical/ 


I™T 


,, behavioral program, Douglas 
1 decided, through the use of senior 
^ consultants and literature available 


•CNt | 


in this area, to select a represen- 




tative program for this effort. 



This program has been reviewed by various NASA medical personnel and has 
their cor.currence as to its appropriateness. The selected approach involved 

Figure 2-16 illustrates Lhe installation of the various console panels and 



is.hs reels that this aoproacr. t3 the biomedical/ behavioral program, 
ieh was defined ^nc delineated on Douglas's independent research and 
•ebamar.t (IR.AD1 funds, offers a significant capability which will be avail- 
<■ ftt ar, c.rly date; in addition, it is felt that the efforts undertaken are 
■cuatelv founded and have a sufficiently broad base for adaptation to NASA's 



The remaining i55 experiments from the list of 191 are in engineering and 
scientific categories and were individually ex.^ mined, Only one experiment, 
involving a 2bG-in, diam centrifuge, could not he physically accommodated. 
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. w ^,|wo.o&er^cornjttunication experi- 
ments required an orbital altitude 
below the F^ la y er i aild therefore, 
could not be satisfactorily per- 
formed. Nine experiments required 
orbit inclinations greater than 50°, 
which has been shown to be the 
practical limit for a KSC launch; 
these experiments could, however, 
be partially accomplished. Thus, 179 
out of 191 or about 94% oi the experi- 
ment; listed could be fully accommo- 
dated singly and all but three, or 

plished. To derive a typical experi- 
mental program which could he 
accomplished on-board the space- 
.1 bank was examined from a critical parameter 
standpoint. Table ^-4 presents the experimental requirements, by critical 
parameter, and indicates :r.£ rtouired Uboratorv canabilitv with each uara- 




PHVS10L0GY 



ftsae M6. BicraJicsl fei&Winl IstallstiQ 



itior jr. the Doubl- MOL 
The S-IVB SM Sis: idei 



-ige will lower these os 
■icd on past experience 
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^Aa indicated, no problem exists in supplying adequate volume or, packaging.^ 
experiments for transit to orbit nor for supplying power to these experiments. 
Although the S-IVB spent-stage workshop will offer an additional large pres- 
surized volume in orbit, it is not usable for getting the experiments into 
orbit. On the average, the weight responsiveness appears to be a limiting 
factor; however, an examination of the experimental weight -distribution 
curve indicates a significant bimodal nature with a iar ; 
meats of very low weight and a signifi 
it is possible to maximise the effect 
program by being sel* 



e group of experi- 
.t group of very high weight. Thus, 
:ss of accomplishing the experiment 
o what eauicment is on -board. 



Table 2-5 presents the experimental package weights by technological 
category (previously defined}; it also indicates the individual weights of all 
experiments above 1, 000 lb. An examination of the high-weight items indi- 
cates several have "high utilization", that is they support several experi- 
ments . For insiar.ce, the 38-in. telescope is used in a total of k experi- 
ments; thus, a premium may be placed on carrying it to get the broadest 



•ental ; 



iliiy. 



Based on this background, it is now 
possible to select typical programs 
and evaluate their overall useful- 
ness. Program No. 1, indicated on 
Table 2-6, is strictly a minimum- 
weight program; that is, it begins 
at the lowest weight end of the 
ranked experiment list and moves 
up the list until the totai weight 
allocation has been used; this 
weight includes a H% factor above 
the basic experiment program 

■'.nd control panels. Interestingly 
enough, Program N'o. 1, even 
though a minimum -weight program, 
not only covers ail the categories 



■.—'t^m r r--T- 
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^X«.but covere.raostxltliejnajor.cate-— 
gories quite well. It is weak pri- 
marily in astronomy, communica- 
tions and navigation and tracking. 
However, it represents a weight 
responsiveness greater than 85% of 
the S-IVB SM experiment list. 

Program No. I was synthesized to 
put more emphasis on astronomy 
than on physical sciences. Again, 
a quite reasonable distribution of 
experiments across the technologies 
is achieved and a weight responsive- 



Preliminary data presented in Figure 2-17 indicate that monumental efforts 
and significant funding would be required- to have 120 experiments, or 60% of 
the total considered, available for 1971 launch. This assumes, of course, 
availability of adequate funding and of adequate experiment definition in the 
immediate future. 



although it is recognized that the programs presented are not totally 
lie at this time, because priorities and equipment availabilities have 
jn fully assessed, it is feit that the results of the study indicate a high 

™^_^____ potential of accomplishing an 

experimental program of major 
significance on-board the NASA- 
MOL stations. 




%ie 2-17. £<peiiiisnls Awitetiility-lSl Experiments 
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Section 3 
PROGRAM DEFINITION 

Table 3-1 indicates usage o[ NASA and contractor facilities by the MOL 
derived space station program denned. Analyses performed together with 
the Douglas MOL Program personnel indicate that existing MOL facilities 
and equipment tor manufacturing and subassembly of the NASA space station 
could be made available without interference to the Air Force MOL program 
For integration and checkout of the laboratory and mission modules, a new 
high-bay facility- and a space chamber would be required at the Douglas 
Huntington Beach location; cost of these additional facilities is estimated 
to be less than $20 million. 

Before shipment from the factory, the entire MOL vehicle is assembled in 
the high-bay area and is completely checked out. It is then transported to 
the KSC industrial area for removal of the prototype experiment packages 



The flight vehicle would be delivered to, and assembled in, the Vertical 
Integration 3ui!ding (V!B) of the T-ill M comples and would be functionally 
tested; the addition of environmental shelters in the VIB would be required. 
Existing AGE equipment in the VI3 would be used to check out the T-lil M 
and a hardline between the V:3 and the NASA OtC building would allow 
checkout of the payloac Usui;, the NASA equipment; new software would be 
required for this activity. 

To eliminate modifications to the Solid Motor Assembly Building (SMAB) 

since would be installed in the SMAB. The remaining two segments would 
be added u the vehicle on the launch pad; this could be accomplished in a 
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; Both Launch Pads 40 and 41 are 
used for either space Station con- 
figurations. Only minor modifies 
tions including extension of the 
flame deflectors and changes to t 
work platforms are required. 



"K"™ MSC's advance study efforts have 

^ identified the need for two addi- 

■ taSta . iional Sustained Operation Control 

tut ram S Beams for use in the 1970 time 

1W.UUW «i* period. These facilities would be 

used to control long -duration 
missions supplying both critical 
phase and orbitai operations support; they would thus supply the require- 
ments for a MOCR and an Orbital Control Room (OCR) facility, if these 
installations are r.ot available by the time this mission is undertaken, sharing 
of existing facilities appears feasible; in this event, an added orbital con- 
trol facility would be required and mission -critical phases would be handled 
by one of the existing MOCR's. Additional experiment support, training, 
simulation, and computation capability are also required. 



A program implementation summary is presented in Figure 3-1. Special 
emphasis was placed on providing a detailed program definition for the 
NASA-MOL configurations. Together with Douglas UOh project person.™ 
schedules, cost, a^d manufacturing aspects were investigated in depth to 
ensure NASA of a meaningful assessment of the availability and potential i 



the development 
study phase is cc 



f* date, the sequence of activities preceding 
i phase had to be estimated. Tat current 
vilent to a NASA Phase A, feasibility study. 



"jmbined Phase B/C study in January 1968, If an 
from the October completion date for evaluation ol 
ATP could be postulated as early as December l?i 
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ounouiitt i im i«i i i»> . att «>■ im the complete control of NASA and, 
[Y.«»™ ,. j„ Jm '*" °^ course, the budgetary constraints 

ihiutu. " " """""l*^ "" imposed upon them by the Congress- 

"™" If these dates are met, Douglas is 

***!"*„ ....._ confident that the rest of the pro- 

j.w „_ ^Attt w i g ram can ^ e achieved as indicated. 

*&£«»* .. That is, a Double MOL missior- 

^ - -" "" could be launched 34 months from 

AT? of Phase D. or alternately, a 
Saturn Workshop/ MOL mission 

Fiftje 3-1. fttgtaa IqfeKiiliM cou ^ be i^^ci 3,5 rr.onths i'rOrr. 

ATP cz Phase D; bath these launches are in caler.dar year 1971. 

?h* cntic&l path for the development phase is indicated ir. Figure 3-2. This 
pa:h proceeds through the Phase 3/C study during *h:ch the cryogenic gas 
starase and electric c**«r a-vstem $»bcflnt?8ctors would be selected, and 
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Fi)uit32, Double MOL Critkai W 
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preparations for initiating procurement of long leadtimc materials accom- 
plished. In Phase D, the path follows the 12-month engineering program, 
the design, teat, and delivery of qualified cryogenic gas systems and leads 
in the functional test of the prototype experimental package. After integra- 
tion of the functional systems and prototype experimental hardwares into 
the first flight unit, the critical path moves through the availability of GSE 
to Support Vehicle checkout. 

Several critical activities which could affect the program and become part 
of the critical path if not given proper attention are also indicated. Oce of 
these key items is the qualification of the solar panel installation; a second 
is the GSE vehicle system checkout interface and the development of soft- 
ware necessary to support this activity; and a third is GualificatiQn and 
installation of the experimental packages into the flight vehicle. 



It should be noted that prototype exnerimeat equipment is installed at the 
factory to supoort the laboratory iacegration/uheckaat activities. The Sight- 
qualified experiments are substituted for the prototypes after delivery of the 
flight vehicle to KSC; this allows the maximum time for development of 



Major costs are presented by nor.-r 


ecurrir-g ar.d recurring elements in 


Tables 3-2 and 3-3; the DDT&E co 


sts, less experiments, are $556 million 


and 5839- 3 million, respectively. 


These represent the most meaningful 


costs for comparison io other i-ye; 


;r space station concepts as all Other 


items will he approximately the sar 


ne regardless of the concept chosen. The 


total program costs for a 1-year m 


issior. indicated in Table 3-4 are $2. 383 



md $2. S76 billion (or the Double MOL and Saturn Workshop/MOL, 
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« mosaacoST 

MiECIIBRMGlllLIOSS OF DOLLAR! 



Tibls3-3 (yjt^ 
PROGRAM COST-fiICUHB!KG 
MILLIONS OF DOLLARS 



Page Not available 
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Section 4 
CONCLUSIONS 

The Douole MOL and Saturn Workshop/MOL configurations are compared in 
Table 4-1. Either can begin orbital operations by the end of 1971. For the 
Double MOL there appears to exist a potential of extending the one-year 
mission to IS months with the laiEtch of a third Support Vehicle; estimates 
sf mission success probability are cuite high and if NASA implements this 
program, this growth potential should be pursued. 

About l~/% si the experiments to be performed are launched with the Double 
.MOL laboratory and initial Support Vehicles. The remaining 25ft arrive 
6 months later. Approximately one-h*U of the experiments remain in orbit 
for the full 1-year period while the other half are in orbit for only 6 months. 
For the Workshop, all experiments are in orbit for the entire 1-year period. 

The pott-tia! flexibility provided by the Saturr. Workshop /MOL. which has 
:he capability of operating separately from ihi cluster for periods of up to 



in Table 4-:. \\i f^i that feasibility 
of a 1-year MOL-denved space 
station has been established and 
thai the 1971 launch of a NASA 
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mission using such equipment is :■,* , 
achievable without interference 
with the on-going MOL and Saturn 
programs. However, an early 
NASA decision and program defini- 
tion, and availability of funding tor 
both the space station and experi- 
ment development, is required if 
this mission is to be operational 
by 19(1; programmatically, it 
seems orobably that such a date, 
while technically feasible, is un- 
likely to be achieved. 







it is concluded that either of the 


MOL -derived space 5 




5 studied car, accommodate 607e to 80% of the 


established S-IVB sui 




r.ocule exoeriment program; it is not considered 


likely that any greate 


r e.xpe 


-irr.er.t definition/equipments will he available in 


this time frame- 






The MOL subsystem 


modifi 


.cations/replacements which are necessary for 


the long -duration mi: 


ssion . 


:an all he accomplished with current technology; 



in fact or.lv two items of critical schedule significance have been identified. 
These are the development of 6~month to 1-year cryogenic tankage and the 
development of a Urge-array solar-panel power system. Modifications to 
the Gemini andT Li-M required to support the mission are minor and will 
cause no concern from either a schedule or risk standDoinl. 
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